Background A fulminant course can be difficult to predict at the onset of acute myocarditis, so the aim of the present study was to identify the predictive clinical symptoms/signs or laboratory findings. Methods and Results Thirty-nine patients with acute lymphocytic myocarditis, excluding 8 who manifested shock at admission, were studied. The fulminant group was defined as 12 patients who developed shock after admission, requiring intraaortic balloon pumping or percutaneous cardiopulmonary support, and the non-fulminant group comprised the 27 patients without shock. Various parameters at admission were compared between the 2 groups, together with multiple logistic regression analysis, excluding 6 patients with partially missing values. In the fulminant group, C-reactive protein (7.0±7.0 vs 2.3±2.2 mg/dl, p<0.01) and creatine kinase (1,147±876 vs 594±568 IU/L, p<0.05) concentrations were higher, intraventricular conduction disturbances were more frequent (9/12 vs 7/27 patients, p<0.01) and the left ventricular ejection fraction was lower (40.7±13.9 vs 50.1±10.6%, p<0.05) than in the non-fulminant group. In the multiple logistic regression analysis model with the presence/absence of a fulminant course considered as the independent variable, and C-reactive protein, creatine kinase, intraventricular conduction disturbances, and left ventricular ejection fraction as dependent variables, a high-risk group (expected proportion of fulminant course ≥0.5) and a low-risk group (<0.5) could be differentiated. A fulminant course occurred in 9/13 (69%) patients in the high-risk group, but in only 2/20 (10%) patients in the low risk group (p<0.001). Conclusions The risk of a fulminant course of acute myocarditis was high in patients with elevated C-reactive protein, and creatine kinase concentrations, decreased left ventricular ejection fraction, and intraventricular conduction disturbances at the time of admission. (Circ J 2004; 68: 734 -739) 
n the past, patients who developed fulminant myocarditis almost invariably died of sudden cardiac arrest or severe heart failure soon after onset, [1] [2] [3] [4] [5] but it is now possible for even severe cases progressing to cardiac arrest to survive the acute phase because of progress in ventricular assist devices, such as intraaortic balloon pumping (IABP) and percutaneous cardiopulmonary support (PCPS). [6] [7] [8] [9] If the patient survives the acute phase, there may be normalization of cardiac function, making resumption of normal daily life possible. However, it is impossible to predict when patients with acute myocarditis may develop shock, with some patients developing cardiogenic shock a few days after hospitalization. In such cases, ventricular assist devices are commonly used during cardiopulmonary resuscitation, but there are several potentially fatal complications, including hemorrhage from vascular injury and circulatory disturbances to the legs. 9, 10 Accordingly, it is desirable that the development of a fulminant course in acute myocarditis be predicted as early as possible, so that the need for ventricular assist devices can be anticipated. However, the parameters that require particularly close monitoring and the clinical symptoms/signs or laboratory findings that are predictive of a high risk for ventricular assistance have not been identified. We used multiple logistic regression analysis with various clinical parameters obtained at the time of admission as indices to identify the factors predictive of a fulminant course in acute myocarditis.
Methods
Forty-seven patients admitted to Fujita Health University Hospital or Nagoya Dai-ni Red Cross Hospital between January 1986 and April 1999 were confirmed as having acute lymphocytic myocarditis by endomyocardial biopsy taken after written informed consent was obtained. Eight patients were in cardiogenic shock at the time of admission and were excluded from study, so the remaining 39 patients were divided into a fulminant group consisting of 12 patients who developed cardiogenic shock despite optimal medical therapy and required ventricular assist devices such as IABP or PCPS, and a non-fulminant group of 27 patients not requiring such measures (Table 1) . The diagnostic criteria of cardiogenic shock 11, 12 included a systolic blood pressure (SBP) of <90 mmHg and signs of hypoperfusion, such as oliguria, cyanosis, lack of pulse, decreased consciousness and metabolic acidosis. IABP was used in all patients in the fulminant group and 8 patients also required PCPS: 7 in whom shock could not be reversed by IABP alone, and one who arrested because of ventricular tachycardia or ventricular fibrillation and in whom hemodynamic stability could not be restored. Three of the 4 patients who did not have additional PCPS died, but 2 of those cases were prior to 1987 when PCPS was not yet available. In the remaining case, PCPS was not used because the family did not consent to the procedure. Endomyocardial biopsy was performed in the acute phase within 2 weeks of the onset of cardiac symptoms. Under cardiac fluoroscopy, a long sheath was inserted from a femoral or subclavian vein into the right ventricle. A bioptome was inserted and 4 or 5 myocardial tissue specimens 13 were obtained from the right ventricular side of the interventricular septum. The samples were fixed in 10% buffered formalin and then stained with hematoxylin-eosin, Azan Mallory, and elastica van Gieson. The histologic diagnosis of lymphocytic myocarditis was made by 3 physicians using light microscopy based on the Dallas criteria. 14 The development of cardiogenic shock and its precipitating factors were investigated in the fulminant group and the following clinical parameters, determined immediately after admission, were compared between the 2 groups: white blood cell (WBC) count, C-reactive protein (CRP) concentration, serum creatine kinase (CK) concentration, electrocardiographic (ECG) findings (ST segment elevation, ST segment depression, QRS complex width, presence of abnormal Q wave, complete atrioventricular block, and ventricular tachycardia), cardiothoracic ratio (CTR) on the chest radiograph, and echocardiographic findings (left ventricular wall thickness, left ventricular end-diastolic dimension, and left ventricular ejection fraction (LVEF)). Widening of the QRS complex at the time of complete atrioventricular block or ventricular tachycardia was excluded. In addition, the left ventricular volume was calculated according to the method of Teichholz et al. 15 
Statistical Analysis
Data are presented as the mean ± standard deviation. The chi-square test was used for comparisons of frequencies and an unpaired Student's t-test for comparisons of mean values. The Mann-Whitney U test was used to compare differences in the CK and CRP concentrations. Statistical significance was defined as p<0.05. Multiple logistic regression analysis was performed with the presence/absence of a fulminant course as the dependent variable, and the items showing a significant difference based on the chi-square test or Student's t-test as the independent variables. The expected proportion determined from the multiple logistic regression analysis model allowed differentiation of a highrisk group with values ≥0.5 and a low-risk group with values <0.5. Six patients with partially missing values were excluded from the multiple logistic regression analysis.
Results

Development of Shock and Inciting Factors
In the fulminant group, shock developed 1.8±1.2 days after admission, IABP was initiated after 2.8±1.2 days, and PCPS was initiated after 3.5±1.2 days. In 7 of these 12 patients (58.3%) ventricular tachycardia or complete atrio- Course of 12 patients with acute myocarditis who developed cardiogenic shock after admission. Ventricular tachycardia or complete atrioventricular block was the factor precipitating the development of shock in 7 patients (*58.3%). BP, blood pressure; CABV, complete atrioventricular block; IABP, intraaortic balloon pumping; PCPS, percutaneous cardiopulmonary support; VT, ventricular tachycardia.
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ventricular block was the precipitating factor (Fig 1) .
Age and Vital Signs
The mean age in the fulminant group was 57.8±11.6 years, which was higher than in the non-fulminant group 40.7±17.3 years (p<0.01, Table 2 ). SBP on admission was similar in the 2 groups: 118.4±20.4 mmHg and 111.1± 18.3 mmHg in the fulminant and non-fulminant groups, respectively. The pulse rate was higher in the fulminant group (110.9±29.0 beats/min) than in the non-fulminant group (86.5±26.9 beats/min) (p<0.01, Table 2 ).
Laboratory Examinations
Leukocyte counts were similar in the fulminant and nonfulminant groups (10,150±4,595 / l and 8,978±3,440 / l, respectively), but the CRP concentration, an index of acute inflammation, was significantly higher in the fulminant (7.0±7.0 mg/dl) than in the non-fulminant (2.3±2.2 mg/dl) group (p<0.01, Table 2 ). The CK concentration also was higher in the fulminant group (1,147.1±876.2 IU/L vs 594.6±568.7 IU/L; normal: <230 IU/L) (p<0.05, Table 2 ).
Electrocardiography
Nine patients (75%) in the fulminant group showed intraventricular conduction disturbances with a QRS complex width of ≥0.12 s on admission, which was higher than in the non-fulminant group (7 patients, 25.9%) (p<0.01, Table 1 ). The frequency of complete atrioventricular block on admission was 16.7% (2 patients) in the fulminant group and 14.8% (4 patients) in the non-fulminant group (NS). However, the incidence during the entire hospitalization was 50% (6 patients) in the fulminant group and only 18.5% (5 patients) in the non-fulminant group (p<0.01). With regard to other ECG abnormalities, ST segment elevation was found in 7 patients in the fulminant group (58.3%), abnormal Q wave in 6 (50%), ST segment depression in 3 (25%), ventricular tachycardia in 2 (16.7%), low voltage in 2 (16.7%), and atrial fibrillation in 1 (8.3%), with frequencies similar to those in the non-fulminant group.
Chest Radiography
The CTR did not differ between the 2 groups (57.1± 6.3% in the fulminant group and 56.0±7.9% in the nonfulminant group) ( Table 2) .
Echocardiography
In the fulminant group, the interventricular septal wall thickness was 12.8±2.6 mm and the left ventricular posterior wall thickness was 12.1±2.8 mm, compared with 11.4±2.9 mm and 11.7±2.4 mm, respectively, in the nonfulminant group (NS). The left ventricular end-diastolic dimension was 44.1±6.6 mm in the fulminant group and 47.4±8.7 mm in the non-fulminant group (NS) ( Table 2 ). In contrast, the LVEF was significantly depressed (40.7± 13.9%) in the fulminant group compared with the nonfulminant group (50.1±10.6%) (p<0.05, Table 2 ).
Multiple Logistic Regression Analysis
The odds ratio for CRP was 1.41 (p<0.10), for CK was 1.00 (p=0.78), 0.95 for LVEF (p=0.22), and 27.38 for intraventricular conduction disturbances (p<0.05, Table 3 ). The high-risk group identified using the multiple logistic regression analysis model was characterized by a CRP concentration of 6.8±6.6 mg/dl, CK concentration of 1,223.7± 830.7 IU/L, LVEF of 42.0±12.6%, and the presence of an intraventricular conduction disturbance in 92% of the patients. In contrast, in the low-risk group, the CRP concentration was 2.1±2.4 mg/dl, CK was 406.4±369.1 IU/L, LVEF was 48.9±12.6%, and an intraventricular conduction disturbance was present in only 5% of patients (Table 4) . A fulminant course was observed in 9/13 (69%) patients in the high-risk group, but in only 2/20 (10%) patients in the low-risk group (p<0.001).
Discussion
We investigated the timing and precipitating factors of cardiogenic shock in 39 patients with acute myocarditis, to identify which parameters require particularly close monitoring and whether any clinical symptoms/signs or labora- tory findings are predictive of a high risk of developing cardiogenic shock. Cardiogenic shock generally develops during the acute phase of acute myocardial infarction, 16 and most patients who develop shock are in shock at the time of admission. Relatively few patients develop it more than a few days after the initial event. In contrast, only 40% of patients who develop cardiogenic shock as a complication of acute myocarditis are in shock at the time of admission and the remaining 60% develop it a few days after admission. In approximately half of the patients who develop shock after admission, malignant arrhythmias, such as complete atrioventricular block and ventricular tachycardia, are the precipitating factor, mandating that arrhythmias be carefully controlled. We found that the factors predictive of a fulminant course in acute myocarditis were advanced age, tachycardia, elevated CRP and CK concentrations, decreased LVEF, and intraventricular conduction disturbances. Multiple logistic regression analysis was performed to determine whether CRP, CK, intraventricular conduction disturbances, and LVEF are independent variables that could serve as factors predictive of a fulminant course. The results showed that CRP concentration and the presence of intraventricular conduction disturbances strongly correlated with a fulminant course. Moreover, using this multiple logistic regression analysis model, we determined that patients with elevated CRP and CK concentrations, decreased LVEF, and intraventricular conduction disturbances at the time of admission are at extremely high risk of developing a fulminant course. With regard to CRP concentration, a marker of acute inflammation, Kaneko et al investigated 31 patients with lymphocytic myocarditis and reported that the CRP concentration was significantly higher in the 5 patients who died within 28 days of hospitalization than in the other 26 patients. 17 The production of CRP is induced by the inflammatory cytokines interleukin-1, interleukin-6, and tumor necrosis factor-, all of which have been reported to be present in higher concentrations in acute myocarditis patients than in healthy controls. 18 The inflammatory cytokines have been shown to exert a negative inotropic effect on myocardium in animal experiments, 19, 20 which may explain in part why an elevated CRP concentration is associated with an increased risk of developing severe heart failure. The contribution of the other inflammatory cytokines to fulminant acute myocarditis is an important topic for future study. Elevated concentrations of CK, as in acute myocardial infarction, reflect more extensive myocardial necrosis. 21, 22 As for the ECG findings, Morgera et al noted that patients with acute myocarditis showing both abnormal Q waves and ST segment elevation were at increased risk of developing a fulminant course; however, in their study, fulminant myocarditis developed in only 3 patients and so their conclusion must be considered tentative. 23 The present study found no differences in the ECG parameters between the fulminant and non-fulminant groups, and moreover, both abnormal Q waves and ST segment elevation were observed in only 4 of 12 cases (33.3%) in the fulminant group. The most salient ECG finding in the fulminant group was prolongation of the QRS complex width, which is presumed to reflect involvement of the conduction system in the widespread myocardial injury.
There are a few reports describing transient ventricular wall thickening on echocardiograms taken during the acute phase of myocarditis. [24] [25] [26] [27] In an earlier study, we reported cases of left ventricular wall thickening because of myocardial interstitial edema occurring in the acute phase of myocarditis, 28 resulting in narrowing of the left ventricular lumen and reducing the stroke volume. 29 Accordingly, left ventricular wall thickening was predicted to be significantly more pronounced in the present fulminant group. but in fact was not significantly different between the 2 groups. Decreased LVEF on admission was more likely to be associated with a high possibility of developing a fulminant course. Diastolic function was not investigated in this study, but is a worthy subject for future study. 
Conclusion
Patients with acute myocarditis may not present in shock, but may develop it within a few days of admission. In 50% of cases, complete atrioventricular block or ventricular tachycardia is the factor precipitating shock, but the risk of a fulminant course is extremely high in patients with elevated CRP and CK concentrations, decreased LVEF and intraventricular conduction disturbances at the time of admission.
